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EFFECT OF THREE MODIFICATIONS ON PERFORMANCE OF AUXILIARY-STAGE 

SUPERCHARGER FOR V-1710-93 ENGINE 

By Richard M. Downing and Harold B. Finger 

SUMMARY 

Three modifications of tho auxiliary-stage supercharger for the 
V-1710-93 engine were designed and tested as part of an investigation 
to iiprovc the paver output and the altitude performance of the engine. 
A J?-vane diffuser was substituted for the standard 11-vane diffuser, 
and a vanelesa discharge passage and a tiodif led scroll were designed 
to increase the flow capacity of the sapercharger and thereby to 
increase the performance at tho high volume flows required by the 
engine. 

With the 12-vane diffuser installed and the carburetor replaced 
by an adapter, tho equivalent volume flow at tfe» peak efficiency point 
was Increased 25 percent at the lowost speed investigated and 9.5 per- 
cent at the highest speed. When tho carburetor was used, any increase 
in equivalent volute flow was Basked by choking in tho carburetor. A 
small decrease in tho peak adiabatic efficiency resulted from using 
the 12-van-i dlffusor. At the high volumo flows where the supercharger 
ia required to operate, tho performance was Improved by the 12-vane 
diffuo-jr. 

With the vaneloss discharge passage, tho surge-free range of the 
supercharger was increased 35 percent at tho lowest tip speed investi- 
gated by increasing the maxluum air flow. The maximum air flow at 
high tip n; ••!:; was again limited by choking in the carburetor, which 
;.'-..!>•'• the effect of the vanelesa discharge passage on the maximum 
air flow. At the high volume flows near the operating point of the 
supercharger, th>? performance with the vanelesa discharge passage was 
b«tt»r than that with, the standard 11-vane diffuser. At the low 
volume flows the standard 11-vano diffuser gave better performance. 
The nodlflud scroll gave performance characteristics that were prac- 
tically the same aa those of the standard scroll except at high tip 
aTieeds, where the poek performance wa3 improved. 

RESTRICTED 
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3HTBOEUCTIOH 

At the request of the Air Materiel Command, Army Air Forces, an 
Investigation to Improve the altitude performance of the V-1710-95 
engine hue been, conducted at the NACA Cleveland laboratory.    Much of 
the research has been directed toward Improving the performance of 
the auxiliary-stage supercharger.    The ;.«rforroance of the standard 
auxiliary-stage supercharger Installation at sea level Is reported 
In reference 1, which also evaluates the effects on supercharger 
performance of tho losses Introduced by the carburetor and inlet 
elb<:v; tlie soe-level performance Is cempared with that at an altitude 
of 2S,00J feet in reference 2.    Tho results of an experimental Inves- 
tigation t-„ .letcrmine the cause of the losses produced by tlie carbu- 
retor and inlc-t elbow Is presented In reference 3.   As a result of 
these investigations of tho Inlet eosronents, the standard config- 
tivatlc". of tiie ongAnu was altered to plase tho carbureter between 
the »«o sts-.vss of sursrc'iarglng instead Lf before tho auxillary- 
8tot,-o cuperohargor.    Tho results cf an Investigation to reduce ti» 
losses d te is the  inlut elbow are presented In reference 4. 

Tho results of the Investigation of modifications to the induc- 
t:oR system of a V-1710 onglno (reference 5) and of the investigations 
cf r&iVren.jes 1 and 2 indicated that a olgnifleant improvement in tho 
rcrfcmancti of the engine could be obtained bj  inorpaGinc the flow 
capacity of ttze auxiliary-stag..- supercharger and thereby increasing 
the effislvacy and the pressure rati-. at tho one rut ins pcint of the 
er^jino.    Ihe standard 11-vane diffuse? was replaced by a 12 -vane 
dlffusc-r and later by a vansluas discharge passage t'.  increase tht 
flow capacity or the- s^purchargi-r.    The outlet e.f tho standard scroll 
was changed from an eli.i?tical to a circular cross section to glvo a 
butter flow uittribution from the scrr.-ll into the engine-stage super- 
charger and thus t.; improve tho efficiency of the unit.    The perform- 
cz:3>j of t:n« mtdlflud su^orehorgt r was investigated over a vid»j range 
of operating conditions. 

MCDISTCATICEB 

The s'viuard auxiliary-stage Qu.-x-rchar^t-r for tho V-1710-93 engino 
is ermpl'.toly described in rt,-f*iuii2e ?.    Ts.it: standard Impellor was 
-tool in combination with ttiree modifications of t.na diffuoor and 
ccrill:    a 12-veTi.- diffusor., a vaneloss discharge passage, and a modi- 
fied scroll. 

Tho lg-yana diffueer.  - A 12-vano dlff.:ser (part Mo. 41710) was 
dodtnoii arid ..'abricabea. by the onglno aanufact.uvr to increase the 
capacity of ttw Buporchar&or.   The outaido diameter of the 12-vano and 
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the ntandard 11-vane dlffusers were the same (17s- In.) hut the vane- 
1° z 

entrance angle wan Increased from 4j~ for the standard dlffuser to 
13° for the 12-vane dlffuser to reduce the angle of attack of the 
vanea at the high flow rates. 

Vjgnelgsg discharge passage. - Elimination of the dlffuser vanes 
appeared as a possible means of increasing the capacity of the super- 
charger by increasing the unrestricted flow area. In order to keep 
the modified dlffuser within the dimensional limits specified by the 
standard scroll, the vaneless discharge passage was limited to a 

convergent throat section 17=- Inches in diameter. The rear wall of 
the passage was flat and the front-wall profile was a circular arc. 
The supercharger with the vaneless discharge passage is shown in 
figure 1. 

Modified scroll. - The elliptical cross section of the standard 
scroll outlot was changed to a circular cross section of the same 
altimeter (% in.) as the inlet to the engine-stage supercharger in 
order to give a smooth flow distribution from the scroll into the 
engine-stage supercharger. A circular outlet was bolted to the 
standard elliptical outlet and the scroll passage was faired into 
the modified section with sheet-aluminum inserts extending approx- 
imately 160^ arouiid the scroll. The standard and modified scroll 
• •i'i' is ar« a&.yvn  in figure 2. The area variation through the passage 
and outlet of the scrolls is shown in figure 3 for the standard and 
modified scrolls. 

AFPARATUS AND INSTRUMENTATION 

The setup for the present investigation was the same as for the 
investigation of the standard supercharger with the carburetor 
installed (reference 1).    All runs were made in a supercharger test 
rig with the auxiliary-stage scroll as the collector. The Impeller 
was driven by a 1000-horsepower induction motor in conjunction with 
a variable-speed magnetic coupling and a step-up gearbox. 

The over-all measurements were taken in the inlet duct upstream 
of the supercharger and in the outlet duct downstream of the scroll 
outlet, as reconmended in reference 6. Wall static-pressure taps 
were usod for static-pressure measurements and pitot tubes were used 
for total pressures. All temperatures were measured with unshielded, 
calibrated, lron-constantan thermocouples in conjunction with a 
potentiometer and light-beam galvanometer. The volume flow of ambient 
air was measured with a sharp-edged thin-plate orifice and the refrig- 
erated air was motered througi an adjustable submerged orifice. 
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The accuracy with which all measurements were made is estimated 
to be vithin the following limits; 

Temperature, °F ±0.5 
Pressure, inches of mercury ±0.02 
Volume flow, percent   ±0.5 
Impeller speed, percent   ±0.5 

TESTS 

All of the runj except tho3e with the vaneless discharge passage 
were made with ambient inlet air because refrlgeratud-air services 
wer-9 not available. Testing under the actual operating altitude con- 
ditions is desirable, however, because the operating Heynolds number 
can be reproduced. In accordance with the standard procedure given 
in refei'ence 7, an outlet total pressure of 10 inches of mercury above 
atmospheric pressure was maintained except at the lower tip speeds 
where it could not be obtained. The 12-vane dlffuser installation was 
investigated with the carbureter installed and with the carburetor 
replaced by an inlet adapter, a3 described in reference 1, in order 
that the effect of the carburetor on the supercharger performance 
could be determined. The modified scroll and the vaneless discharge 
passage were investigated with the carburetor installed. The vaneless 
discharge passage was investigated at altitude conditions of 
29,000 foot (9.20 In. Hg absolute and -45° P) in order that a compar- 
ison might be mad6 with the standard 11-vane dlffuser with altitude 
inlet conditions. 

RESULTS AMD DISCUSSION 

The over-all performance calculations were made by the method of 
reference 7. The performance of the three modifications of the 
auxiliary-stage supercharger la presented by the methods prescribed 
in reference 8, as a function of equivalent Impeller tip speed. 

Thu 12-vane dlffuser. - Typical performance curves ore shown in 
figuro 4 for the standard 11-vane and the 12-vane diffusers with the 
carb'.tretor installed and with a smooth adapter mounted upstream of 
the inlet elbow in place of the carburetor. The curves presented are 
for the equivalent Impeller tip speed of 1073 feet per Becond. For a 
gear ratio of 6.85:1, this tip speed Is approximately that obtained 
when the engine runs at rated speed. The peak adiabatic efficiency 
obtained with tho 12-vane dlffuser was slightly lower than that 
obtained with the standard 11-vane dlffuser but the peak efficiency 
occurred at a hi<jh-. r volume flow; the same trend was observed In the 
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pressure-2-atio curves (fie- 4).    Because of the increase In capacity 
at the poak efficiency and pressure-ratio pointB, the performance 
was improved at the hiGh volume flows where the supercharger is 
required to operate.    The potential increase in volume flow produced 
by the 12-vane diffuser was masked because the volume flow was limited 
by choking in the carburetor at the high tip speeds.   At an equiva- 
lent tj.j speed of 1273 feet per second, the increase in capacity was 
negligible with the carburetor installed.   With the carburetor 
replaced by the adapter, the increase in flow at the points of peak 
efficiency obtained by the UBe of the 12-vane diffusor varied two 
25 Tiercent at 633 feet per second to 9.5 ;ercent at 1273 feet per 
second. 

The poafc performance characteristics of the sv.pm*charger are 
shown 'n figure 5.    Over the range of speeds tectod, the jeak pres- 
nure sufficients obtained with the standctrd 11-vane diffuser wero 
from 0.01 to '..03 higher and the peak adiabatic efficiencies were 
from 0.01 to 0.02 higher than those obtained with the 12-vane 
diffuser except for the two lowest speeds tested.    At an equivalent 
tip speed cf 603 feet per second, the f.iaak pressure ratios were the 
atlas for both 4iff;eera, but at an eq-iivalent tip ap^ed of 1273 feet 
tor seicnd WM peak preosura ratio for the standard 11-vane diffuser 
was cp-iroximatel? v;.10 higher than that of the 12-vane diffuser. 

Althov.<:h the peek performance was somewhat reduced by the 
12-vane diffuser, tie performa:ice characteristics at the equivalent 
volume flov at *-i^0 cubic feet per minute required by the engine were 
Improved.   At veluKe flews greater than 4350 eablo feet per minute 
at nn equivalent tip 3peed of 1073 feet per second, the performance 
cf the 12-vane diffuser was mere satisfactory than that of the 11 
diffuser. 

Vwr.elt.-3s dloiharge paaatify. 
jcropare S3 performance cf tut 
 ______„      TAe> curves in figure 6 were selected 

to ccra^jare Elje performance  of tne vaneless discharge passage and the 
standard 11-vane diffuser at the limits cf the sp^ed range investi- 
gated.    The surge -free range of the supercharger with the vnneless 
discharge passage was increased 35 percent at the point of maximum 
flow over that of the standard 11-vane diffuser at on equivalent tip 
speed of 773 ..'eet ;:er second,  the lowest speed tested.    At 1459 feet 
per second the volume flow through the supercharger was limited by the 
carburetor; the volume flew was therefore almoat tho same for the 
standard 11-vone diffuser and tho vaneless discharge pannage. 

The peal! performance characteristics of the standard 11-vane 
diffuser and tho vaneless dla;hargo passage are shown in figure 7, 
Trto' difference in peak pressure coefficients decreased with an 
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increase In equivalent tip speed from 0.10 at 760 feet per second to 
0.03 at 145lJ feet per second. The difference in peak adiabatic effi- 
ciency WP.B approximately conotant" for the range of test speeds; the 
efficiency of the Bu^ercharger with the standard 11-vane diffuser was 
approximately 0.07 higher than that with the vaiieless discharge pas- 
sage. This difference in efficiency was probably caused by the sudden 
enlargement of tho discharge passage into the scroll and could be 
reduced by a scroll dcBigned for high air velocities. The peak pres- 
sure ratio of the standard diffuser was 0.10 to 0.15 higher than that 
obtained with the vaneLess discharge passage. As in the case of the 
12-vans diffuBer, the peak performance characteristics of the standard 
suierchrc-ger aro higher than those of the vanelose-dischurge passage 
Installation over most of the flow range. The performance of the 
supercharger at equivalent volume flows greater than 3000 cubic foot per 
minute was mere satisfactory with the vaneless discharge passage. 

Modified scroll. - Typical curves for the standard and the modi- 
fied ccrol2.ci at the equivalent impeller tip speod of the auxiliary- 
stage supercharger for rated engine speed (fig. 6) show nearly the 
same adiabatic efficiencies and pressure ratios for both scrollB. Tho 
modified ccroll collector produced no appreciable improvement in the 
performance cf the avxiliary-stage supercharger up to equivalent tip 
speeds of l'OSl foot per second (fig. 0). At tip speeds above 1061 feet 
per second, the peak oerformanco of tho supercharger with the modified 
scroll -,ro.s higher than that with tho standard scroll. At an equivalent 
tip speed at  1275 feet per second, tho difference in peak pressure 
coefficient was approximately 0.03 and the difference in adiabatic 
efficiency was 0.04. The peak pressure ratio at the maximum speed was 
0.1b higher with the modified scroll than with tho standard scroll. 

STOMfiSY CF RESULTS 

The performance cf three modifications - a 12-vane diffuser, a 
vanelesa discharge oassage, and a modified scroll - of the auxiliary- 
stage supercharger for a Y-1710-33 engine nay be saranarlzod as follows: 

1. YJ;'th the 12-vane diffuser installed and the carburetor replaced 
by an adapter, tho equivalent volume flow through the supercharger at 
peak efficiency was increased 25 percent at an equivalent ti;~ speed of 
683 feot per second, the lowest speed investigated, and 9.5 percent at 
127o feet per second, the highest soeed investigated. With the carbu- 
retor installed, the air flow was limited and any Increase was masked 
by choking in the carburetor. Over the complete range of tlo speeds, 
the oeak pressure cooffiolento, pressure ratios, end adiabatic effi- 
ciencies obtained with the 12-vane diffuser were 3lightly lower 

- 
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than those of the Btandard 11-vane dlffueer. At the high volume flows 
v-^are the BU'.iercharger i3 required to operate, the performance was 
iaprcvcd by the I2-vane -liffuser. 

2. At an equivalent tip speed of 778 feet per second and at the 
pcint of nexinum flow, the surge-free range of the supercharger was 
increasc-i 35 percent over that of the standard 11-vane diffuser by 
installing a vaneleas discharge passage. At the high flows the preB- 
svre ratio and the adiabatic efficiency of the supercharger with the 
vanolese discharge passage were higher than those with the standard 
ll-varie diffuoer. At high tip speeds t;ie eifect of the vaneless dis- 
charge passage on maximuB air flow was-masked by choiring in the 
carburetor. The peak adiabatic efficiency was reduced approximately 
0.07 over the range of speeds and the peak press-ore ratio was reduced 
fron 0.10 to 0,15 by using the vaneleos discing© passage. The peak 
pressure coefficient was reduced 0.10 at the lew speeds and 0.02 at 
tj» high speeds. 

3. T.'ie Hf.diflt-d scroll caused no a'Tpir-ciable change in the per- 
formance of the supercharger except at speeds above 1061 feet per 
second, wliere the pressure coefficient, the yr»fl3are ratio, and the 
adiabatic efficiency were slightly increased. 

Aircraft. Ermine Besoarch laboratory, 
Sationa.1 Advisory Committeo for Aeronautics, 

Cloveland, Ohio. 
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Figure 4.  - Typical   performance curves of 
auxiliary-stage supercharger for V-17 10-93 
engine with standard  11-vane dlffuser and 
12-vane dlffuser at equivalent tip speed 
of  1073 feet per second. 
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